The radiative decays of hyperons are studied in the framework of the bound state soliton model. Detailed predictions for the total decay widths and the E2/M1 ratios corresponding to decuplet-to-octet electromagnetic transitions are presented in relation to future planned experiments at CE-BAF and Fermilab. The results are compared to those obtained in quark based models. † Fellow of the CONICET, Argentina.
In the near future, experiments at CEBAF [1] and Fermilab [2] will provide new and precise information about the electromagnetic decays of excited hyperons. Therefore, it is of great interest to investigate these transitions in different theoretical frameworks and compare various model predictions. In fact, transitions between hadron states are more sensitive to their internal structure than hadron spectra, and usually offer a more stringent test of hadron models than "diagonal" properties like masses and magnetic moments. Calculations of hyperon radiative decays have been available for some time in the context of the non-relativistic quark model [3, 4] and the MIT bag model model [4] . More recently this type of transitions has also been examined within heavy baryon chiral perturbation theory [5] and a lattice quenched QCD simulation [6] . The purpose of the present article is to analyze the hyperon radiative decays in the framework of the bound state soliton model [9, 10] . Here, we will concentrate on the decuplet-to-octet electromagnetic transitions. Λ(1405) radiative decays as described in this model have been studied in Ref. [11] . For the decupletto-octet decays both M1 and E2 multipole transitions are allowed. Of course, unless they are suppressed by some particular selection rule, the M1 transitions are expected to be strongly dominant over the E2 ones. Nevertheless, the ratio E2/M1 turns out to be a rather important quantity since it reflects the possible existence of charge deformations of the baryon states. In fact, the E2/M1 ratio for the ∆ → Nγ decay has recently received considerable attention both theoretically (see e.g. Refs. [5, 6, 7] and references therein) and experimentally (see e.g. Ref. [8] ). For this reason, we will study not only the total decay widths but also the E2/M1 ratios corresponding to the hyperon radiative decays mentioned above.
In the bound state soliton model, one starts with an effective SU(3) chiral action which includes an appropriate symmetry breaking term. We use
Here Γ WZ is the non-local Wess-Zumino action and Γ sb is the symmetry breaking term. Their explicit form can be found, for instance, in Ref. [12] . In Eq.(1) the left current L µ is expressed in terms of the chiral field U as
Next, the Callan-Klebanov ansatz [9] is introduced
where
and U π is the soliton background field written as a direct extension to SU(3) of the SU(2) field u π , i.e.,
with u π being the conventional hedgehog solution u π = exp[i τ ·rF (r)]. According to the usual procedure, one expands up to the second order in the kaon field. The Lagrangian density can therefore be rewritten as the sum of a pure SU(2) Lagrangian depending on the chiral field only and an effective Lagrangian describing the interaction between the soliton and the kaon fields. The soliton profile is obtained by minimizing the classical SU(2) energy while the kaon field satisfies the eigenvalue equation
where a mode decomposition of the kaon field in terms of the grand spin Λ = L+ T ( L represents the angular momentum operator and T is the isospin operator) has been used. In Eq.(5) ω Λ,l is the bound state energy for given (Λ, l). The radial functions h, f , λ and V Λ,l ef f are functions of the chiral angle F (r) only. Their explicit forms can be found e.g. in Ref. [11] .
In this picture strange hyperons arise as bound states of kaons to the soliton. The octet and decuplet hyperons are obtained by populating the lowest kaon bound state which carries the quantum numbers Λ = 1/2, l = 1. The splittings among hyperons with different spin and/or isospin are given by the rotational corrections, introduced according to the time-dependent rotations:
This transformation adds an extra term of order 1/N c to the Lagrangian. The resulting mass formula which takes into account these rotational corrections can be written as
Here, I, J and S are the isospin, spin and strangeness hyperon quantum numbers respectively. M sol is the soliton mass, Θ its moment of inertia and c is the hyperfine splitting constant. Their explicit form are given, e.g. in Ref. [13] .
As mentioned above, in this work we are interested in the radiative decays of the decuplet hyperons. Namely, in the processes
For all these processes both M1 and E2 transitions are allowed. Using the usual multipole expansion of the e.m. field [14] , the M1 partial decay width for these processes is given by
where the matrix element is taken between a decuplet hyperon and an octet hyperon, both of them in states with spin projection J 3 = +1/2. In Eq. (9), α = 1/137 is the e.m. fine structure constant and q is the photon momentum. The operatorM 3 (q) is defined byM
where j 1 (qr) represents the l = 1 spherical Bessel function and J em j
are the spatial components of the electromagnetic current.
On the other hand, the E2 partial decay width is given by
where the operatorQ 33 (q) is given bŷ
Here j 2 represents the l = 2 spherical Bessel function and ρ em the electric charge density. It should be noticed that in deriving Eq.(11) the Siegert's theorem [14] has been used. For the typical photon momenta and hyperon radii involved in the hyperon radiative decays we have qr ≈ 1. In this case, the condition j l−1 (qr) >> j l+1 (qr) necessary for the theorem to be valid, is rather well satisfied for quadrupole transitions. One important advantage of this method is that inconsistencies due to the collective coordinate quantization of the soliton are avoided [7] . In the bound state soliton model the electromagnetic current J em and charge density ρ em are obtained from the effective action by means of the Noether theorem.
Given their explicit forms the operatorsM 3 (q) andQ 33 (q) can be obtained by using the Callan-Klebanov ansatz. After some algebra we get
where J S the collective angular momentum, J K the bound kaon spin,
In the previous equations the subscripts s and v denote the isoscalar and isovector parts, and S and K the pure soliton and kaon contributions, respectively. ForQ 33 (q) we obtain
where I 3 is the z-component of the isospin operator and ν v,S (q) and ν v,K (q) are
In order to calculate the corresponding matrix elements of the transition operatorM 3 (q) andQ 33 we have to evaluate the off-diagonal matrix elements of J
between hyperon wave functions. This is done using standard angular momentum techniques. We obtain for the matrix elements ofM 3
while for the those ofQ 33
It should be noticed that when qr << 1 the Bessel functions appearing in the expressions for the η's and ν's functions can be replaced by their small argument approximations. In this case we havê
Here, µ 3 is the static magnetic moment operator and Q 33 the static electric quadrupole moment operator. It should be kept in mind however that, as mentioned above, qr ≈ 1 for the transitions we are interested in. In this case, therefore, this "static" approximation is not expected to be very good. Finally we give the expressions for the E2/M1 ratios. This is defined in terms of the matrix elements of the E2 and M1 transition amplitudes as [7] E2 M1 = 1 3
Here, O(−1/2) represents an octet state with J 3 = −1/2 and D(1/2) a decuplet state with J 3 = +1/2. In terms of the matrix elements of theM 3 andQ 33 operators defined above this ratio can be expressed as
Comparing this expression with Eqs.(9,11) we note that the following relation is satisfied
In the limit qr << 1 Eq.(32) reduces to the expression
given in Ref. [7] for the particular case of the Nγ → ∆ process.
We turn now to the numerical calculations. In order to estimate the uncertainties intrinsic in our approach we will use two sets of values for the parameters appearing in the effective action. In SET I we take m π = 138 MeV , f π = 54 MeV and e = 4.84. In SET II we consider massless pions and f π = 64.5 MeV and e = 5.45. In both cases we set the ratio f K /f π and the kaon mass to their empirical values f K /f π = 1.23 and m K = 495 MeV . Results for the total decay widths are given in Table I . In all our calculations we have taken the photon momentum q as the empirical mass difference between initial and final hyperon states [3, 4] . We observe a good agreement between our results and those obtained using the non-relativistic quark model (NRQM) [3, 4, 6 ] and the bag model (BM) [4] which are also listed in Table I . It should be also noticed that the values obtained by using heavy baryon chiral perturbation theory [5] and quenched lattice QCD [6] span a range which is also consistent with our predictions. This overall agreement between different models contrasts with the situation for the Λ(1405) decay widths [11] where the NRQM prediction is much larger than the ones obtained with other models. This can be considered as another indication that contrary to other low-lying hyperons the Λ(1405) can not be simply understood as a 3-quark state. Another interesting feature of our results is the strong suppression of the Σ * − → Σ − γ and Ξ * − → Ξ − γ in agreement with the well-known SU(3) U-spin selection rule [15] . This might be understood by noting that, although in the bound state approach strangeness degrees of freedom are treated rather differently from the isospin ones, at the level of the effective lagrangian the SU(3) breaking is still not so strong. In Table I we have also included the decay width of the only allowed octet-to-octet hyperon transition, namely Σ 0 → Λγ which is, of course, purely M1. Presently, this is the only radiative hyperon decay for which the empirical decay width is accurately known. As we see, in this case the soliton model prediction is reasonable good. It is worthwhile to mention that, in the static limit, the corresponding transition magnetic moment has already been evaluated in Ref. [16] .
The predicted E2/M1 ratios for the decuplet-to-octet transitions are given in table II. As expected, for the "U-spin allowed" transitions we obtain rather small values for the corresponding ratios. On the other hand, for the "U-spin forbidden" processes Σ * − → Σ − γ , Ξ * − → Ξ − γ they are quite large. Similar results * have been reported in Refs. [5, 6] although our values for the forbidden transitions are larger. Since for these transitions both the M1 and E2 amplitudes are quite small, the precise values of the E2/M1 become more sensitive to the details of each model and quantitative differences are expected to happen. A particular feature of our predictions is the vanishing of the E2 amplitude (and therefore of the E2/M1 ratio) corresponding to the Σ * 0 → Σ 0 γ decay. This is a consequence of the spherical symmetry of the isoscalar charge density in the soliton model. As it can be observed in Eq.(18) the operator Q 33 has only isovector components and therefore its matrix elements between states with the same isospin turn out to be proportional to the isospin projection.
In conclusion, we have studied the radiative transitions between decuplet and octet hyperons within the bound state soliton model. We have found that the predictions for the full decay widths are in reasonable agreement with those obtained in quark based models. In particular, the "U-spin" selection rule is quite well satisfied. Predictions for the E2/M1 ratios have also been made. Corresponding values for the Σ * − → Σ − γ and Ξ * − → Ξ − γ have been found to be quite large. Experimental verification of these predictions as well as those on the e.m. decays of the other excited hyperons will certainly help to improve our understanding on the structure of the hyperons. Hyperon radiative decay widths (in keV ) as calculated in the bound state soliton model. Note that the partial M1 and E2 widths can be obtained from the total widths listed here by using Eq.(33) together with the predictions for E2/M1 listed in Table II . Also listed are the predictions of the non-relativistic quark model (NRQM) [3, 4, 6] and bag model (BM) [4] . The predicted Σ 0 → Λγ decay width is also included together with the corresponding empirical value. Table II SET Ratios E2/M1 (in %) as calculated in the bound state soliton model.
